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Glycolysis

Ancient Pathway
In cytoplasm
No oxygen require

Used for energy
production

Production of
Intermediates for
other pathways

Foundad

limited

In tissues with
blood supply

L3
(a) Glucose HO—;-'Hz Preparatery phase
H H  Phosphorylation of glucose
first H o i
priming (T) ATP ‘K. on u A' and its conversion to
reaction b anp HO — OH  glyceraldehyde 3-phosphate
H_OH
Glucose 6-phosphate (Fy—o—CHy
0, o Z
H A H \1) Hexokinase
OH H
HO OH @l Phosphohexose
oo " isomerase
Fructose 6-phosphate (B—0—CH; 0. CH:—OH
=
second | -(aTP H HO (3) Phespho-
priming (3) H OH fructokinase-1
reaction [+ ADP OH H
72
Fructose 1,6-bisphosphate  (F)—0—CH, cH—o0—F &) Aldolase
cleavage H HO FEY we
of -carbon H H (3) Triose
sugar phosphate phosphate
) OH H
tothe 3-carbon () isomerase
sugar
phosphates o
+
Glyceraldehyde 3-phosphate @—O—CH;—iH—E\
+ on M
Dihydroxyacetone phosphate iE)-O-—vCu,v—-f-—-cH,oH
[+]
Glyceraldehyde 3-phosphate @—o0—c "’_TH
+ i =
oH (5) Trio:
Dihvdrnxyi:e‘!lme phosphate P (3 pl:\a:;hme
@] n isomerase

(b}
Glyceraldehyde 3-phosphate (2]

)
axidation and o | INAD™
e ari =
] 2INADH) + H*

1,3-Bisphosphoglycerate (2
first ATP. 2 ADP
ferming resction =
[subatratetewel '—' 2/ ATP
Phospherytation|

3-Phosphoglycerate (2]
@ |

2-Phosphoglycerate (2]

® |[~+2Hz0
Phosphoenolpyruvate (2)
second AT 2ADP
"@ K o
Pyruvate (2]

Payoff phase

/° Oxidative canversion of
B-o—0t —gH—C  glyceraldehyde 3-phosphate
oH H to pyruvate and the coupled

fermation of ATP and NADH

~ (&) Glyceraldehyde
@-o-(u;—ﬁu—c\ 3-phosphate
on o—{E) dehydrogenase
= (Z) Phospho-
# glycerate
E—0—CHy—LH— 3
e kinase
oH
=
o (8) Phospho-
CHy—cH—* glycerate
r.lm 1 o mutase
o
1
® . 2) Enclase
4
CH == C—C ao
I o 09 pyruvate

? kinase
é o




Entry of glucose into the cell

Transport

hexokinase

glucokinase In liver " e

hexokinase vs o B e w & &
glucokinase \ / = = \/ |

forms anion to keep Iin
cell



Glucose Transporters

TABLE 16.4 Family of glucose transporters

Name Tissue location ] Comments
GLUT1 All mammalian 1 mM  Basal glucose uptake
tissues
GLUT2  Liver and pancreatic  15-20 mM  In the pancreas, plays
B cells a role in regulation
ol insulin
In the liver, removes
excess glucose from the
blood
GLUT3  All mammalian 1 mM  Basal glucose uptake
tissues
GLUT4  Muscle and fat cells 5mM  Amount in muscle
plasma membrane
increases with
endurance training
GLUTS  Small intestine Primanly a fructose
transporter




Kinetic properties of hexokinase
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Preparatory phase of glycolysis

2 ATP

Phosphofructokinase

(PFK-1)
regulated
allosterically

0y _H
¢
0. _CH,OH
H [|. OH vl
{Hi0P0s~ | Z0POHL  CHyOH
b A= HO—C—H Ho—(|:—H W T S
OH H — — ! — HHO
OH H—{T—OH H—?—DH H OH
H OH H—C—OH H—C—O0H HO o
{J'.HEOP‘J}E_ (’|"H20P032'
Glucose 6-phosphate Glucose 6-phosphate Fructose 6-phosphate Fructose 6-phosphate
(G-6P) (Open chain form) {Qpen chain form) (F-6P)
0,POHC CH,0H ~0;POHL CH,0P0, -
0 Phosphotructokinase
Hpg AP - HO + ADP + H'
OH OH
OH OH
Fructose 6-phosphate Fructose 1,6-bisphosphate
(F69) (F-1, 6-BP)



0. _CH,0PO3?
N
O;_-_\_.____.__C___,--(_H-_JOPO,-:" T
HO—C—H H
Aldolase
H—C—OH — +
H /0
H—C—OH \T/
CH,0PO52- H ? OH
Fructose .
1,6-bisphosphate CH,0PO;

(F-1, 6-BP)

Aldolase

Dihydroxyacetone

phosphate H H

(DHAP) \é OH
A

0=—C
CH,O0PO5 2-
Glyceraldehyde
3-phosphate Dihydroxyacetone
(GAP) phosphate

H._ O
Triose phosphate C
isomerase
H—C—OH
CH,0PO52-
Glyceraldehyde

3-phosphate



Mechanism: Aldolase
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Phosphoglycerate Kinase
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(Figure 12-14). This nonenzymatic hydrolysis produces 3-phosphoglycerate and
regenerates inorganic arsenate, which can again react with a thioacyl-enzyme in-
termediate. Glycolysis can proceed from 3-phosphoglycerate, but the ATP-produc-
ing reaction involving 1.3-bisphosphoglycerate is bypassed. As a result. there is no
net formation of ATP from glycolysis, with potentially lethal consequences.



Mechanism: dehydrogenase
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P to Pyruvate
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Biologica

Net 2 ATP

« 2 NADH

e Most reactions at
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reversed

| Systems

Table 15-3

Typical concentrations of glycolytic

intermediates in erythrocytes

Intermediate M
Glucose 5000
Glucose 6-phosphate 83
Fructose 6-phosphate 14
Fructose 1,6-bisphosphate 31
Dihydroxyacetone phosphate 138
Glyceraldehyde 3-phosphate 19
1,3-Bisphosphoglycerate 1
2,3-Bisphosphoglycerate 4000
3-Phosphoglycerate 18
2-Phosphoglycerate 30
Phosphoenolpyruvate 23
Pyruvate 51
Lactate 2900
ATP 1850
ADP 138
P 1000

After S. Minakami and H. Yoshikawa,
Biochem. Biophys. Res. Comm. 18(1965):345.



Overall reactions of glycolysis

TABLE 14-2 Free-Energy Changes of Glycolytic Reactions in Erythrocytes

Glycolytic reaction step AG'® (kJ/mol) AG (ki/mol)
(1) Glucose + ATP —> glucose 6-phosphate + ADP —16.7 —33.4
@ Glucose 6-phosphate == fructose 6-phosphate 1.7 0to 25
(3) Fructose 6-phosphate + ATP —— fructose 1,6-bisphosphate -+ ADP —14.2 —22.2
@ Fructose 1,6-bisphosphate == dihydroxyacetone phosphate +

glyceraldehyde 3-phosphate 23.8 Oto —6
@ Dihydroxyacetone phosphate == glyceraldehyde 3-phosphate 15 Oto 4
Glyceraldehyde 3-phosphate + P, + NAD" = 1,3-bisphosphoglycerate +

NADH + H* 6.3 —210 2
@ 1,3-Bisphosphoglycerate + ADP = 3-phosphoglycerate + ATP —18.8 Oto?2
3-Phosphoglycerate == 2-phosphoglycerate 4.4 0to 0.8
@ 2-Phosphoglycerate == phosphoenolpyruvate + H,0 7.5 0to3.3
(10 Phosphoenolpyruvate + ADP —> pyruvate + ATP —31.4 —16.7

Note: AG'® is the standard free-energy change, as defined in Chapter 13 (p. 491). AG is the free-energy change calculated from the actual concentrations of glycolytic intermediates
present under physiological conditions in erythrocytes, at pH 7. The glycolytic reactions bypassed in gluconeogenesis are shown in red. Biochemical equations are not necessarily bal-

anced for H or charge (p. 506).



Regulation of Glycolysis
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Regulation of Hexokinase
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Phosphofructokinase: Highly

regulated
Allosteric enzyme: FEEROHC ORGE
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PFK-2
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Activation of PFK-1 by Fru 2,6 Bis

1 wM F-2,6-BP
1 wM F-2,6-BP — - =

100

80
=
5]
o
o 60
@
=
A
g 40

20

| I I | l
0 1 2 3 4 5 0 ] 5 3 4 5

(A) [Fructose 6-phosphate] (M)

(B) [ATP] (peM)



Other sites of Regulation
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